The short-term insemination technique has been widely applied, although it is not clear whether the mechanical desorption of cumulus cells can affect normal fertilization and birth outcomes. Therefore, the present study aimed to evaluate whether early cumulus cell removal could affect in vitro fertilization outcomes. Based on a history of infertility and semen analysis, 61 patients were identified, and the cumulus cells were mechanically removed at either6 h post-insemination (Group A, 387 mature oocytes) or 18 -20 h post-insemination as traditional in vitro fertilization (Group B, 424 mature oocytes). There were no significant differences in the rates of fertilization, available embryos, high quality embryos, birth, premature birth, pregnancy, or implantation when we compared the two groups. However, Group A exhibited a significantly higher polyspermy rate, and significantly lower rates of blastocyst formation and high-quality blastocyst formation, compared with Group B. Therefore, the results of present study indicate that early cumulus cell removal (at 6 h post-insemination) may negatively affect the rates of polyspermy, blastocyst formation, and high-quality blastocyst formation.
Introduction
The short-term insemination technique has been widely and successfully applied, and it is gradually replacing * Corresponding author. the conventional human in vitro fertilization (IVF) technique [1] . Demonstrated the time of oocyte exposure to sperm can elevate embryo viability and pregnancy rate by Dirnfeld et al. [1] . Short-term insemination does not affect the fertilization rate and embryo development [2] . In addition, the short co-incubation allows embryologists to observe whether oocyte activation has occurred, and to immediately remedy failed activation. Nevertheless, it is unclear whether the mechanical desorption of cumulus cells can affect normal fertilization or embryonic development potential. For example, various studies have demonstrated that early cumulus cells removal could affect fertilization and embryonic development potential, although contradictory findings are reported [2] - [5] . Moreover, their outcome analysis only examined fertilization outcomes, and did not provide data regarding birth outcomes. Therefore, the effects of early cumulus cell removal remain controversial.
The aim of this study was to investigate the effects of early cumulus cells removal on fertilization, polyspermy, embryonic development potential, blastocyst development, and clinical outcomes.
Materials and Methods

Patients
A total of 61 patients who underwent short-term insemination were includede in this study. The inclusion criteria were women who were 23 -38 year old, had failed to achieve pregnancy during at least 5 years of normal sexual activity without contraception, were undergoing their first IVF treatment, and had at least 10 retrieved oocytes. The etiologies for subfertility included tubal disease, endometriosis, ovulatory dysfunction, unexplained, or mixed factors; none of the cases involved exclusively male factors. Among the 61 patients, 5 patients were excluded after receiving early rescue intra-cytoplasmic sperm injection (ICSI) after 9 h of co-incubation, due to a low fertilization rate or total fertilization failure. Thus, 811 mature oocytes were collected from remaining the patients, and the oocytes were randomly divided into two groups: Group A (387 mature oocytes) underwent early cumulus cell removal at 6 h post-insemination, and the Group B (424 mature oocytes) oocytes were transferred to new sperm-free insemination medium after 6 h of co-incubation, and the cumulus cellswere removed at 18 -20 h post-insemination.
Controlled Ovarian Hyperstimulation and Oocyte Retrieval
All patients were treated via routine controlled ovarian hyperstimulation (COH), and gonadotropin releasing hormone agonist was administered for down-regulation in the mid-luteal phase of the menstrual cycle. The patients then received 5000 -10,000 IU of human chorionic gonadotropin (hCG) when at least three follicles were found to be ≥18 mm. All oocyte retrievals were performed via transvaginal aspiration under ultrasound guidance at 36 -38 h after the hCG administration.
Sperm Preparation and Insemination
Semen samples were collected via masturbation during the morning of the oocyte retrieval day. Sperm collection was performed using gradient centrifugation. The sperm pellet was then placed at the bottom of fresh insemination medium and incubated at 37˚C in 6% CO 2 incubators to facilitate the swim-up technique. Next, the supernatant, which contained sperm with strong motility, was collected for insemination. The insemination of the cumulus-oocyte complex was performed via IVF microdroplets, which contained approximately 15,000 -50,000 motile sperm in 50 μL of insemination medium.
Cumulus Cells Removal
Cumulus cell removal was performed using Pasteur pipettes with an inner diameter of 150 μm, which is slightly larger than the oocyte. Using this technique, the oocytes were repeatedly aspirated and ejected until the cumulus cells were removed. This technique was performed after 6 h of co-incubation in Group A, and the oocytes were examined under an inverted microscope at high magnification. Fertilization was defined as the observation of a second polar body, and total fertilization failure was defined as the absence of a second polar body in any of the mature oocytes. Rescue ICSI was performed for fertilization of oocytes that did not exhibit a second polar body after 9 h of insemination. Patients with a low fertilization rate (<30%) or total fertilization failure were excluded from this study. In Group B, the cumulus cells were subsequently removed at 18 -20 h after insemination.
Fertilization Assess and Embryo Culture
Normal fertilization was defined as the presence of two pronuclei, polyspermy was defined as the presence of ≥3 pronuclei, and 1PN oocytes were defined as the presence of one pronucleus. The developmental competence of zygotes with two pronuclei was evaluated after 96 -120 h of in vitro culture. During days 1 -3 post-fertilization, the embryos were placed in G1TM media with 5% human serum albumin, which was followed by G2TM with 10% human serum albumin during days 3 -6.
Embryo morphology was classified on day 3. Grade I (GI) embryos had even, regular, spherical blastomeres with <10% fragmentation. Grade II (GII) embryos had 10% -20% fragmentation and/or unevenly shaped blastomeres. Grade III (GIII) embryos had unevenly shaped blastomeres with 20% fragmentation. Grade IV (GIV) embryos had unequal, dark blastomeres, with >20% fragmentation. Only high-quality embryos (GI-GIII) were used in this study, and two of the high-quality embryos were selected for transfer on day 3 under ultrasound guidance. The blastocysts were assigned a score based on Gardner et al.'s system [6] , with the high-quality blastocysts having scores of ≥4 BB. The surplus high-quality embryos and top-scoring blastocysts were cryopreserved for future transfers.
Clinical and Birth Outcomes
Embryo transfer took place during 3 day after oocytes retrieval, under ultrasound guidance. To reduce the risk of high-rankmultiple pregnancies, the number of replaced embryos was generally limited to two. Luteal support (a combination of estrogen and progesterone) was initiated on day 1 after oocyte retrieval.
The implantation rate was defined as the number of gestational sacs divided by the number of embryos that were transferred. At 35 days post-transfer, the fetal heartbeat was monitored via ultrasonography to confirm the establishment of a clinical pregnancy. At week 20, the details regarding the patient's ongoing pregnancy were recorded via a follow-up phonecall. Delivery before week 37 was defined as a prematurebirth, and a birth weight of <2500 g was defined as a low birth weight.
Statistical Analyses
All analyses were performed using SPSS software (version 13.0, SPSS Inc., Chicago, IL). Continuous data were compared using Student's t test, and proportional data were compared using the χ 2 test. A P-value of <0.05 was defined as statistically significant.
Results
In Groups A and B, 387 and 424 mature oocytes were collected, respectively (rescue ICSI cycles were excluded in both groups). The patients' demographic data are listed in Table 1 , which includes the women's age, duration of infertility, infertility diagnosis, and number of oocytes that were retrieved. However, there were no significant differences in the two groups' demographic data.
The laboratory data for Groups A and B are listed in Table 2 . When we compared the two groups, there were no significant differences in the rates of normal fertilization, oocytes with one pronucleus, high-quality embryos, or available embryos. However, a significant difference was observed in the two group's polyspermy rates (P < 0.01). After transplantation and vitrification on day 3, 151 embryos in Group A were considered low-quality, compared to 147 embryos in Group B; these embryos were transferred to blastocyst medium to continue their culture. These surplus embryos' blastocyst formation and high-quality blastocyst formation rates were significantly lower in Group A, compared to Group B (P < 0.05), after extended culture for 5 or 6 days.
A total of 109 embryo transfers were performed, including 49 embryos in Group A and 60 embryos in Group B ( Table 3) . A total of 35 patients achieved pregnancy, including 16 patients in Group A and 19 patients in Group B. No significant differences were observed in the rates of clinical pregnancy or birth. The rates of twin/singleton pregnancies and implantation were slightly higher in Group B, compared to Group A, although these differences were not statistically significant.
There were no differences in the sex, twin/singleton births, premature births, and low birth weight status when we compared the two groups (Table 4) . However, compared to Group A, Group B had a longer gestational duration (P < 0.034) and a slightly (although not significantly) higher average birth weight. Values are presented as n or %; values were compared using the chi-square test. 1PN, the fertilized ovum has only one pronucleus; surplus embryos, embryos that remained after transplantation and vitrification on day 3; NS, not significant. Values are presented as n or %; values were compared using the chi-square test. Premature births, delivery before week 37; low birth weight, a birth weight of <2500 g; NS, not significant.
Discussion
Fertilization is a delicately programmed process that is achieved via numerous cellular and molecular events, which begin at sperm capacitation. After intercourse, the sperm must travel through the cervix to achieve fertilization, although this process can also be facilitated in vitro using culture medium. In conventional IVF, the assessment of fertilization is typically performed at 16 -20 h after insemination, although this technique generally achieves low fertilization rates or total fertilization failure inclinical practice. Therefore, after 16 -20 h of co-incubation, rescue ICSI is typically performed for unfertilized oocytes, although this technique also typically achieves a poor pregnancy rate [7] . Furthermore, embryos with failed cleavage typically achieve low fertilization rates or total fertilization failure, which can result in cycle cancellation and wasted oocytes, and ultimately reduce the patient's likelihood of achieving pregnancy. It has been reported that short-term insemination does not affect the fertilization rate, embryo development, and clinical pregnancy rate, although this technique does improve the number and quality of the available embryos [4] [8] . During short-term insemination, the oocyte and sperm are only co-incubated for 1 -6 h, which allows for the earlier use of rescue ICSI. In contrast, late rescue ICSI (after 16 -20 h of co-incubation) occurs approximately 24 h after normal fertilization, and misses the optimal point for fertilization. In addition, prolonged in vitro culture increases the probability of accumulating abnormal genetic material. Furthermore, as the development of the embryo and endometrium is not synchronized, late rescue ICSI may miss the window for optimal endometrial implantation. Thus, early rescue ICSI provides higher rates of fertilization, pregnancy, and birth, compared to late rescue ICSI.
The previously reported rates of polyspermy for conventional IVF and short-term co-incubation are similar [9] [10], although it is not clear whether early removal of the cumulus cells affects polyspermic fertilization. For example, several reports have suggested that excessive short-term insemination does not affect the polyspermic fertilization rate [2] [4] [5] . In contrast, the results of this study showed that short-term co-incubation with early cumulus cell removal significantly increased the rate of polyspermy, although it did not affect the rates of fertilization, usable embryos, or high-quality embryos. Thus, the removal of cumulus cells after 6 h of co-incubation may have caused abnormal fertilization. In the present study, the rate of polyspermic fertilization was 5.7% for late cumulus removal, and this result was similar to the findings of Xiong et al. [2] . However, this result conflicts with the findings of Wei et al. [4] , who reported no differences in polyspermy when they compared cumulus cell removal after 4 h (short co-incubation) and 17 -18 h (after insemination). Nevertheless, the different study designs may partially explain these conflicting results, as Wei et al. divided their patients into a group with a low risk of fertilization failure (the control group) and a group with a high risk of fertilization failure (the experimental group). In addition, we speculate that the oocyte immaturity may also partially explain the abnormal fertilization rates. Furthermore, the high polyspermic pronuclei rate may be related to the timing of the cumulus cells removal, as it is more difficult to remove cumulus cells before 6 h post-insemination and the repeated aspiration may also have affected the subsequent fertilization process. As we know, it was harder to remove cumulus cells 4 h postinsemination compared to cumulus cells removal at 6 h of insemination. The repeated aspiration may cause damage to cytoplasmic structures and subsequent fertilization process, leading to multiple sperm penetrations, or inhibition of the second polar body extrusion. Moreover, the early observation under microscopes would result in possible temperature and pH fluctuations during fertilization. Therefore, all of the processes that were described above may have affected the normal fertilization process. Interestingly, specific components of the cumulus cells (e.g., hyaluronic acid) may facilitate sperm capacitation and the acrosome reaction during fertilization [11] . In addition, Suzuki et al. have reported that adding hyaluronic acid to bovine fertilization medium decreased the polyspermic fertilization rate for IVF [12] .
The most common method for evaluating embryos is currently morphology scoring. However, the value of embryo morphology on day 3 for predicting subsequent blastocyst formation is limited and inadequate. Therefore, extended human embryo culture may increase the pregnancy and implantation rates, by providing greater discrimination regarding potential embryonic viability. Nevertheless, not all embryos achieve the blastocyst stage, and the cleavage of low-quality embryos during IVF/ICSI-ET may allow for the development of blastocysts; some of these blastocysts have the ability to implant and achieve clinical pregnancy [13] . The factors that can affect blastocyst formation and quality are culture conditions, number of oocytes, maternal age, and male factor infertility. However, little attention has been paid to the effects of early cumulus cells removal on the blastocyst formation.
Our findings clearly demonstrate that the cleavage of low-quality embryos may indicate future development into blastocysts, as Group B exhibited higher rates of blastocyst formation and high-quality blastocyst formation. This finding likely indicates that the cumulus cells play an important role in modulating human embryo viability. Interestingly, the early stages of embryo development are regulated by the maternal genes [14] . Therefore, before the 8-cell stage, the physiological characteristics are drive by the oocyte, which may be able to repair itself if development is disrupted. Thus, the earliest stage of retarded embryo development may still retain the potential to achieve the blastocyst stage.
In this study, we evaluated the effects of cumulus cells removal at 6 h and 18 -20 h (after short-term insemination), in order to determine the most effective method for improving clinical outcomes. However, only the best quality embryos were transferred (regardless of whether they were derived from the 6 h group or the 18 -20 h group), in order to provide the patient with the greatest chance of pregnancy. Similar to two previous studies, we also confirmed that the two methods provided similar rates of clinical pregnancy and implantation. We also performed further analyses to more clearly distinguish these two methods. Using these two methods, Groups A and B achieved 12 and 15 live births, respectively, although the gestational duration in Group A was lower than that in Group B. One possible explanation for this discrepancy is the very small number of cases. However, the two groups exhibited no significant differences in the other birth outcome parameters, such as birth rate, average birth weight, low birth weight, twin/singleton pregnancies, or sex ratio.
Conclusion
In conclusion, the results of present study suggest that early cumulus cells removal at 6 h post-insemination may increase the polyspermy rate and decrease the blastocyst quality and viability of low-quality embryos. However, the optimal conditions for in vitro embryo development mimic spontaneous fertilization, and avoid manual interventions if possible. Therefore, further prospective randomized trials are needed to compare the effectiveness of different fertilization methods.
